Objectives: To assess long-term trends in the volume of ambulatory antibiotic prescriptions and prescription and consultation rates for respiratory tract infections (RTIs) in France in relation to the yearly public antibiotic campaign since 2002. , with the proportion of consultations resulting in antibiotic prescriptions decreasing from 58% to 46%. Not all types of RTIs were equally affected. The largest decrease in prescriptions was observed for nasopharyngitis and influenza. Rates for bronchitis, sinusitis, otitis media and tonsillitis remained persistently high.
Introduction
France is known for its high outpatient antibiotic consumption. 1 In order to change this worrisome situation a yearly mass media campaign has been conducted by the French National Health Insurance each winter since autumn 2002. The aim of this national campaign is to inform the public about appropriate ambulatory antibiotic use, with a special focus on respiratory tract infections (RTIs). 2 The public campaign was complemented by interventions targeting prescribers, such as academic detailing, individual prescribing feedback and promotion of rapid streptococcal antigen tests. 2 In a recently published study, Sabuncu et al. 2 analysed the impact of the campaign using electronic data on individual prescriptions provided by the French National Health Insurance, covering .90% of the population. They found a 26.5% decrease in the total number of antibiotic prescriptions per 100 inhabitants between 2000-02 and 2006-07. 2 Little is known about the impact of the campaign on prescribing and consultation rates for specific indications, a common shortfall of campaigns to improve antibiotic use, because these data are not easily available. 3 This information seems, however, essential in order to identify the most effective interventions and to adequately plan future campaigns. With this study we aimed to fill some of the gaps in the literature using validated databases provided by IMS Health to assess trends in ambulatory antibiotic use in France over three decades, including a detailed assessment of the evolution of prescription and consultation rates for specific RTIs.
Methods
We compiled annual data regarding ambulatory antibiotic prescriptions and related infectious diseases since 1980 in France, excluding its overseas departments, from IMS Health (Puteaux, France), including representative panels of retail pharmacies [Le Marché Pharmaceutique (LMP), compiled until 2001, and Suivi de la Dispensation Médicale (SDM), compiled since 1999] and office-based physicians [Enquête Permanente sur la Prescription Médicale (EPPM)]. IMS Health is an international company which provides data on sales and medical activities mostly to the pharmaceutical industry, but whose data are also exploited for research purposes.
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Data from retail pharmacies IMS Health France has been collecting sales data from retail pharmacies for .35 years. Until 1999, sales data (LMP data) were exclusively obtained from a representative panel of 450 retail pharmacies among the 22500 pharmacies in metropolitan France whose reported drug purchases (in packages) were extrapolated to the entire cohort of pharmacies. Packages were transformed into prescriptions by using EPPM data regarding the number of packs per prescription (calculated for each drug/package from physicians' detailed information about the prescribed drugs).
Since 1999, IMS Health has electronically collected daily prescriptions and sales data from a much wider sample of retail pharmacies, the number of which has increased continuously to .13500, now covering 60% of pharmaceutical sales in France (SDM data). The data are then extrapolated to all 22 500 pharmacies in France. The collected data contain information about the prescribing physician, the prescribed and dispensed drugs and dosages, and the patient.
Data derived from the EPPM and SDM panels are not expected to be equivalent since physicians selected in the EPPM panel are exclusively self-employed physicians without hospital or clinic activity.
Data from office-based physicians
The EPPM survey has been collecting data from a representative sample of self-employed, office-based physicians (without hospital or clinic activity) throughout France, on a quarterly basis for almost 40 years. In each quarter, data are collected from a representative sample of 835 physicians (400 general practitioners and 435 specialists), selected according to specialty, region, size of the urban setting and physician age and gender, and annual consultation activity. A proportion of the sample (115 doctors) is replaced in each quarter. Data are then extrapolated to the entire population of physicians.
Data are collected during a period of 7 consecutive days, including a copy of each prescription. Moreover, physicians fill out a survey form for each patient containing information about socio-demographic characteristics, the drugs prescribed (formulation, strength, daily dosage, duration of therapy) and related presumed or confirmed diagnoses (labelled by physicians with their own words), which are then compiled and classified by IMS using ICD-9 (International Statistical Classification of Diseases and Related Health Problems) and ICD-10 diagnostic codes (from 1998 onwards). Because of some discrepancies between ICD-9 and ICD-10 diagnostic coding, we continued to use ICD-9 codes for a few indications.
Reporting methods
Extrapolated data from all panels were normalized per 1000 inhabitants. LMP and SDM data cover all ambulatory dispensed antibiotic prescriptions, while EPPM provides data about antibiotic prescriptions, specific diagnoses and consultation rates for office-based physicians only, excluding other categories of physicians (e.g. physicians based in public hospitals).
For the purpose of this study, all prescriptions of antibiotics belonging to Anatomical Therapeutic Chemical Classification (ATC) group J01 (systemic antibiotics; ATC version 2010) were included. We used descriptive statistics and graphical displays to analyse trends in antibiotic prescriptions and in consultation rates for specific diagnoses. Prescription patterns and changes over time were monitored by calculating the percentage of consultations for a specific diagnosis resulting in antibiotic prescriptions. Data were aggregated for entire years. For the purpose of validation, we compared the French IMS (SDM) data with European Surveillance of Antibiotic Consumption (ESAC) data for the campaign implementation period (2001-08). Because of the explorative nature of this study, we did not perform hypothesis testing for statistical significance. 
Results

General analysis of trends
Data from office-based physicians
Antibiotic prescription rates by self-employed office-based physicians similarly increased until their peak in 1997 ( Figure 1 ). From 1998 onwards they decreased continuously at a faster rate than total ambulatory prescription rates: by 12 (Table 1) . SDM data confirmed that the 2001-09 decrease in antibiotic prescriptions was limited to self-employed physicians (either office-based or practising in private clinics), as ambulatory prescriptions issued by physicians practising in public hospitals (+13.6%) and dentists (+13.3%) increased slightly over that period. The decrease in antibiotic prescription rates by office-based physicians between 2001 and 2009 was exclusively attributable to a decrease in prescriptions for RTIs (239.9%), while prescriptions for other types of infections (e.g. infections of the urinary and female genital tract) remained almost stable (+4.6%; Table 1 ).
Analysis of trends in antibiotic prescriptions according to age groups
Not all age groups were equally affected by the decrease in prescriptions issued by office-based physicians (Figure 3) . The decrease was most marked for children aged ,15 years and continued over the whole study period, because prescriptions per 1000 children per year decreased by 32. 
Analysis of trends in consultation and prescription rates for RTIs
After excluding flu (for which annual consultation rates vary considerably due to seasonal effects), antibiotic prescription rates for RTIs Figure 5 ). Prescribing levels decreased only modestly for tonsillitis (from 93% to 87%), otitis media (from 80% to 74%), acute bronchitis (from 80% to 73%) and sinusitis (from 84% to 83%; Figure 5) .
Importantly, the decrease in antibiotic prescription rates for RTIs after 2004 was mostly attributable to a decrease in consultation rates (Figure 4 Office-based doctors with no hospital/clinic activity. c When diagnosis explicitly specified by doctors (i.e. in 95% of total prescriptions).
Ambulatory antibiotic use in France Recommendations to reduce antibiotic prescribing in the primary care setting in France had already been issued in the mid-1990s. In addition, the particularly high antibiotic use in France compared with some of its European neighbours and the problems associated with antibiotic misuse became a frequent topic in the non-medical press by the change of millennium, following the publication of an Official Report to the Ministry of Health in May 1998. It is possible that these factors already contributed to the observed pre-campaign decrease. Most of the campaign effect occurred during the period up to 2004, followed by a plateau with relatively stable antibiotic prescription rates. The French National Health Insurance even noted a recent increasing trend in antibiotic use, which led to the announcement of a modified campaign in 2010 with a special focus on the risks of antimicrobial resistance. 9 The decrease in antibiotic prescriptions after implementation of the campaign was more marked in children, which is consistent with a campaign focusing on RTIs that are particularly common in the paediatric population and specifically targeting parents of young children. The staggered introduction of the conjugate pneumococcal vaccine in 2003 in France may only have played a very minor role in the reduction in prescriptions in this age group.
The physician-based EPPM data offer a unique perspective on the quality of antibiotic prescribing not provided by other data sources and show that the decline in antibiotic prescriptions did not concern all RTIs equally. The decrease was most marked for nasopharyngitis and influenza, for which prescribing rates were already relatively low and even decreasing before the campaign. This indicates that physicians might more easily abandon unnecessary prescribing for infectious conditions that are relatively easily recognizable as of viral origin, with a low diagnostic uncertainty compared with acute bronchitis, which continues to be a common cause of antibiotic prescribing despite its frequent viral origin. 10 -12 Chahwakilian et al.
Prescribing for acute tonsillitis was only marginally affected by the decrease in antibiotic prescriptions (a shift from the diagnosis of tonsillitis towards pharyngitis is unlikely since there was no change in the relative frequency of the diagnoses pharyngitis and tonsillitis). By contrast, the declines in consultation rates for both tonsillitis and pharyngitis were greatest among all 16 We assume that a small proportion of these consultations have shifted to emergency rooms, partly explaining the increase in outpatient antibiotic prescriptions issued by hospitals. However, the magnitude of the decline in consultations with office-based doctors suggests a successful effect of the campaign that educated patients about the self-limited nature of most RTIs (amplified by financial disincentives) and implies that the altered illness behaviour of patients might have contributed to the reduction in antibiotic use.
This analysis has limitations. EPPM data are derived from a sample of office-based physicians and do not necessarily represent the prescribing behaviour of all physicians. The criteria for physician selection into the panel remained constant over time, hence possibly altering the relative weight of the represented population in overall medical activity. In addition, the data are collected only for 1 week per trimester per physician, limiting the degree to which the data can be extrapolated. Diagnostic uncertainty may have biased the classification of RTIs, since reported diagnoses reflect physicians' own perceptions and labelling of diseases. Unfortunately, we were not able to assess the specific impact of each individual intervention of the multifaceted antibiotic campaign. Finally, we did not adjust our analyses for seasonal variations in the incidence of influenza-like illness, as done by others. 2, 17 However, when analysing trends over extended time periods, this adjustment would probably have changed the overall trends only slightly.
Despite these limitations, it should be noted that sales data obtained from IMS Health have been used in previous studies to evaluate antibiotic prescriptions in different countries. 5 -8 It also has to be emphasized that the EPPM data together with the SDM data on antibiotic prescriptions are mostly consistent with the data from ESAC and the French National Health Insurance, while having some additional strengths such as covering an extended time period with physician-based data that are not available otherwise.
What are the policy implications of these findings for France and other countries? First, even though there seems to have been a secular trend towards decreased antibiotic use even before 2001, the public campaign was successful, since it was associated with a rapid and marked reduction in antibiotic use, at least in the initial years. There are, however, some caveats. Even after the reduction in antibiotic use, France remains a country with comparatively high antibiotic consumption; unfortunately, the encouraging trend seems to have been reversed in recent years. 18 The potential reasons for this are most likely complex and beyond the scope of this article. 19 The data also show that RTIs of frequent viral origin, such as bronchitis and sinusitis, are still predominantly treated with antibiotics, leaving ample room for improvement. Overall, our data show that detailed evaluation of campaigns is necessary in order to identify areas of success and failure and to guide future interventions.
